ABSTRACT. Total 1lg concentrations were determined in marine sedlments and biota from the inner shelf of Terra Nova Bay (Antarctica). Like published data on air, snow and soils from the same region, Hg levels in the finest fraction of marine sediments were among the lowest ever reported for coastal marine environments (0.012 r 0.007 pg g-' dry wt). A progressive increase in Hg concentrations was found in organisms at different levels of the marine food web (phytoplankton < zooplankton and benthic primary consumers < detritivorous and opportunistic benthic invertebrates < eplpelagic fish < demersal fish and plankton-feeding seabirds < fish-eating penguins < predatory birds and Weddell seal). In general, primary producers and consumers showed slightly lower Hg concentrations (0.076 * 0.023 pg g-l dry wt) than organisms of related species from other seas, but values in feathers (2.91 + 1.93 pg g-' dry wt) of the Antarctic skua and in tissues of a MIeddell seal (44.0 and 24.0 pg g-l dry wt in the liver and spleen, respect:vely) WC:? s:milar to those in skuas and sedls from the northern hemmsphere. Trophic connections between organisms in well developed benthic communities, phytoplankton and fish and environmental factors such as enhanced upwelling of cold water, sea ice and low light are deemed to enhance natural biomagnification processes of Hg in the pristine Antarctic coastal environment.
INTRODUCTION
Antarctic ecosystems have unique characteristics resulting from a long evolutionary history under extreme environmental conditions. Until recently, they were protected from heavy human impact by their remoteness and inhospitality They therefore constitute a natural laboratory where biogeochemical cycles of metals can be studied under relatively unpolluted environmental conditions.
Despite formidable technical and logistic difficulties, improvements in analytical and ultra-clean sampling techniques in the last decade have led to a better understanding of the environmental distribution and cycling of metals in Antarctica (Boutron & Patterson 1986 , Wolff 1990 . With regard to mercury, Antarctic ice-core analyses have provided a reconstruction of atmospheric deposition over the past 34000 yr and emission of gaseous mercury by oceans has been recognised a s the principal source of the metal in the Antarctic continent (Vandal et al. 1993) . In Victoria Land the lowest mercury concentrations ever reported have been measured In snow (Sheppard et al. 1991) , air (de Mora et al. 1993 ) and soil (Bargagli et al. 1993) .
In contrast to the relatively abundant data on environmental abiotic matrices, very little is known of mercury concentrations in Antarctic terrestrial and aquatic biota. Better knowledge of Hg accumulation in marine organisms at different positions in the food web is important because biomagnification in the aquatic food web is a well known process (D'Itri 1991) and most of the Antarctic biomass is concentrated in the marine environment. Data on mercury levels in Antarctic marine organisms mainly regard species at the top of the food web, such as penguins or marine mammals (McClurg 1984 , Honda e t al. 1986a , b, Yamamoto et al. 1987a , Szefer et al. 1993 . Moreover, these data are not unequivocal as differences up to 1 order of magnitude have been reported for similar tissue or organs from the same or closely related animal specles. For example, Honda et al. (1986a) found an average mercury concentration of 0.007 pg g-' (wet wt) in muscle of the Adelie penguin Pygoscelis adeliae, whereas Szefer et al. (1993) reported a mean value of 0.660 pg g-' (dry wt). Even the most recent data on mercury concentrations in some marine invertebrates and fish contain discrepancies. Much lower H g concentrations have been reported for organisms collected along the Antarctic Peninsula (Palmer Locarnini & Presley 1995 , d e Moreno et al. 1997 ) than in Victoria Land (Minganti et al. 1994) . This is rather surprising because the latter is more remote and less frequented by humans.
The main objectives of this study were to investigate Hg transfer and biomagnification in the marine food web and the ecological factors involved in these processes. Mercury concentrations were determined in recent marine sediment and a large spectrum of organisms with different habitats, positions in the food web and feeding habits from the inner continental shelf at Terra Nova Bay (Ross Sea, Antarctica).
MATERIALS AND METHODS
Study area and sampling. Samples were collected during the 5th and 6th Italian Antarctic Expeditions (austral summers 1989/90 and 1990/91) at Terra Nova Bay (northern Vlctoria Land; Fig. 1 ). Surface sediments a n d organisms were collected on the inner continental shelf (from 74" 40' S to 74" 5 0 ' s ) at depths ranging from 5 to 300 m , except for krill Euphausia superba samples which were collected in the open Ross Sea (from 72" to 75" S and 170" and 178" E).
Twenty samples of surface sedirnents (the top 3.0 cm) were taken on soft bottoms (from 20 to 300 m depth) with a stainless steel box corer. Samples were scooped from the centre of the box with a plastic spatula. Phytoplankton and zooplankton were sampled with conical nylon nets (1 m in diameter, 50 and 500 pm mesh size, respectively), towed just below the surface. Krill samples were collected in the Ross Sea with a plankton sampler (EZNET BIONESS) equipped with 10 nets of 250 and 500 pm mesh size at a depth ranging from l 0 to 100 m. Benthic organisms were obtained w~t h a Van Veen grab or by dredging on hard bottoms. Fish specimens were caught with a trammel net or baited long lines.
Sampling of higher vertebrate species was planned so as to avoid death or significant disturbance. On the coast around Terra Nova Bay, eggs, primary feathers, chick plumage and guano samples were gathered when possible in abandoned nests of snow petrels Pagadroma nivea, Antarctic skuas Catharacta maccormicki, Adelie penguins Pygoscelis adeliae and emperor penguins Aptenodytes forsteri. Samples of stomach contents were taken from 5 Adelie penguins breeding at Edmonson Point (74" 21' S, 165" 10' E) by the water off-loading. Vanous internal organs and tissues were obtained from an Adelie penguin accidentally snared in a trammel net and an adult female Weddell seal Leptonychotes weddellii (weight = 330 kg) found dead on the Terra Nova Bay coast.
To reduce contamination, samples were always handled with disposable plastic gloves, very clean plastic or stainless steel tools, and placed in individual sealed polythene bags and frozen for storage and transport to Italy.
Sample preparation and mercury analysis. In the laboratory, sediment samples were freeze-dried and then sieved through a 125 pm stainiess sreei screen. (Gaudette et al. 1974) . Nonparametric statistical tests (Ma.nn-Whitney U test) were used to detect significant differences between groups. Pearson's correlation coefficients were also calculated for the relationship between mercury concentration and body weight. A probability level of 0.05 was taken as significant. All statistical analyses were performed using the Statistics programme (StatSoft Inc.).
RESULTS
The fine fraction (1125 pm) of surface sediments from Terra Nova Bay had an average Hg concentration (+SD) of 0.012 + 0.007 pg g-' dry wt (range 0.006 to 0.027 pg g-' dry wt). Values were always much lower than the Hg concentration (0.050 pg g-I dry wt) suggested as background level for unpolluted marine sedi m e n t~ (Sadiq 1992) . No significant increase was found in samples collected close to the Italian scientific station of 'Baia Terra Nova'. Concentrations of TOC ranged from 0.20 to 0.55 % and no significant relationships with those of Hg were found.
Average Hg concentrations (Table 1) progressively increased in the order phytoplankton < zooplankton < krill. Because Hg values in zooplankton had a CV of 47.5% (probably due to different proportions of the various phyla in samples), a statistically significant difference (Mann-Whitney U test, p < 0.05) was only found between Hg concentrations in phytoplankton and krill. Comparisons with literature data on plankton from other seas were made difficult by differences in sampling methods and phyla composition. Fowler (1990) assumed a Hg concentration of 0.100 pg g-l dry wt (i.e. twice the overall average content of 0.059 ? 0.033 py dry wt in Antarctic diatoms and copepods) as background level for mixed plankton samples from different seas around the world. The average Hg concentration in krill samples from the Ross Sea was close to the lower limit of the range (0.028 to 0.497 1-19 g-' dry wt) reported by Fowler (1986) for euphausiids from different oceans. However, the data in Table 1 are 2 to 3 times higher than those reported for krill samples collected on the opposite side of the Southern Ocean: 0.035 pg gm' dry wt in the Drake Passage (Yamamoto et al. 1987b ) and 0.025 pg g-' dry wt off the Western Antarctic Peninsula (Palmer Locarnini & Presley 1995).
The results of Hg determinations in the widespread seaweed Iridaea cordata showed wide variations (approximately 1 order of magnitude), probably due to different contributions of epibiota on the foliaceous thalli ( Table 1 ). The range of Hg concentrations in I. cordata was similar to that previously found in other Rhodophyta species from the Great Barrier Reef (undetectable to 0.167 pg g-' dry wt; Denton & Burdon-Jones 1986). High variability in Hg concentrations was also found among the benthic invertebrates analysed, probably reflecting marked differences in taxonomy, habitat and feeding habits. The total body content of mercury increased from organisms feeding mainly on diatoms, such as the amphipod Paramoera walkeri and sponges, to those feeding on algae and/or detritus (e.g. ascidians, sea urchins and holothurians) and to more omnivorous opportunistic feeders (e.g. scavengers and predators such as brittle stars and sea stars). The high- a large number of species collected from different sites off the Antarctic Peninsula were analysed for Hg. The authors were unable to detect Hg even in carnivore invertebrates such as the gastropod Trophon brevisplra and the giant isopod Glyptonotus antarcticus. Unfortunately only wet tissues were analysed and the detection limit (0.05 pg g-1 wet wt) was probably too high for detecting the low levels, typical of Antarctic ecosystems. There is also evidence that Antarctic b e n t h~c invertebrates, especially molluscs, accumulate metals (Mauri et al. 1990 , Nigro et al. 1997 and Adamussium colbecki has been proposed as a suitable biomonitor to detect environmental changes in metal bioavailability in Antarctic coastal waters (Berkman & Nigro 1992) . Minganti et al. (1995) reported Hg concentrations ranging from 0.132 to 0.372 ug g-' dry wt in the soft tissue of A. colbecki collected each summer from 3.987 to 1992 at Terra Nova Bay.
Total Hg concentrations in muscle, liver, kidney, gills and gonads of the most common fish species in the study area are surnmansed in Table 2 . Trematomus bernacchii and Trematomus hansoni showed significantly (p < 0.01, Mann-Whitney U test) higher concentrations of Hg in muscle and organs than Trematomus newnesi and the icefish Chionodraco hamatus. Fig. 2A shows average values of Hg measured in muscle, liver and kidney of T bernacchii and those previous1.y reported for this species from Terra Nova Bay continental shelf (Minganti et al. 1994). According to Capelli et al. (1990) , concentrations of Hg ifi fish muscle wcrr significantly correlated (r = 0.81, p < 0.01) with body weight (Fig. 2B ).
The accumulation of Hg in seabirds breeding along Victoria Land coasts was evaluated by an indirect nondestructive approach (Table 3) . Concentrations of Hg in feathers, eggs and chick plumage of the south polar skua were 3 to 6 times higher than those measured in the same biological materials of snow petrels and penguins. Samples collected in the emperor penguin colony at Cape Washington always had higher concentrations of total Hg than samples from Adelie penguin rookeries on the Terra Nova Bay coast.
Although comparisons with literature data on Hg levels in feathers of related seabird species from other seas are made difficult by factors such as differences in lifespan and moulting strategies (Stewart et al. 1997) , Hg concentrations in snow petrels breeding in northern Victoria Land were much lower than those reported for other petrel species (e.g. Pterodroma lessonii and A4acronectes halli) from subantarctic islands (Lock et al. 1992) . Emperor and Ad6lie penguin feathers also had a much lower content of Hg than those of blue penguins Eudyptula m j n o r from New Zealand (Table 3 ). In contrast, feathers and chick plumage of the Antarctic skua Catharactra maccormicki and Arctic skua Stercorarius parasiticus from the Shetland Islands (60" 08' N, 2" 05' W) had Hg concentrations in the same range (Stewart et al. 1997) .
Average Hg in stomach contents of Adelie penguins matched those in krill samples, whereas penguin tissues 0.0 -. Minganti et al. (1994) (shaded bar) (B) Relationship between total Hg concentrations in muscle and body welght in this study (U) and data from Capelli et al. (1990) (m)
showed increasing concentrations in the order testis < brain < muscle < kidney i liver (Table 4) . According to published data on Pyqoscelis adeliae (Szefer et al. 1993) , Eudyptula minor, Eudyptes crestatus and Eudyptes sclaten (Lock et al. 1992) , Hg concentrations (dry wt) in penguin liver range from 1.4 to 2.4 pg g-' irrespective of species and sampling area. The only exception was a lower concentration measured by Lock et al. (1992) in the liver of a Fiordland crested penguin Eudyptes pachyrhynchus. Although on a wet weight basis, the concentrations reported by Honda et al. (1986a) in Adelie penguins and by de Moreno et al. (1997) in muscle of the same species are lower than all other data ( Table 4 ) . The highest mercury concentrations of the present study were recorded in liver of the Weddell seal (44.0 pg g-' dry wt) found dead on the Terra Nova Bay coast. Much lower concentrations were detected in sp!zcn, rr?csc!e and pancreas ( Table 5) . Although expressed on a wet weight basis, the values reported by Yamamoto et al. (1987a) in 2 Weddell seals from the Syowa Station were lower than those in our specimen. However, except for low concentrations reported for muscle of Arctocephalus gazella (de Moreno et al. 1997 ) and liver of Ommatophoca rossi (McClurg 1984) and Phoca groenlandica (Skaare et al. 1994) , the present values were in the same range as those reported for adult seals of other species in the southern and northern hemispheres (Table 5) .
DISCUSSION
Environmental distribution and bioavailability of Hg Very low concentrations of total Hg were measured in the finest fraction of recent marine sediments from Terra Nova Bay. This result, together with previous findings for snow, air and soil (Sheppard et al. 1991, Bargagli et al. 1993 , de Mora et al. 1993 ) confirms that abiotic matrices in Victoria Land ecosystems have the lowest Hg concentrations ever reported. In the study area, this result was expected as Southern Ocean waters are substantially isolated from those of other oceans and long-range atmospheric loadings of Hg can be excluded on the basis of Hg deposition data (Vandal et al. 1993) . Although the physical and chemical weathering of rocks in Antarctica is limited by the ice cover a n d dry climate, the results of analytical determination~ in surface sediments from Terra Nova Bay seem to exclude local Hg deposits and pollution by the Italian station. Regional volcanic emissions are a possible natural source of Hg In the Ross Sea. The significance of volcanic emissions as primary sources of Hg is well documented (Varekamp & Buseck 1986 ) and the IvlcMurdo Volcanic Group along the western margin of the Ross Embayment is one of the most extensive alkali volcanic provinces in the world (Kyle 1990 ). Besides active volcanoes (Mt. Erebus and Mt. Melbourne), there are fumaroles in northern Victoria Land (Bargagli e t al. 1996a ) and recent submarine volcanoes and/or large intrusive bodies in the western Ross Sea (Kyle 1990 ).
Air and snow data, however, suggest that the impact of these emissions is very low. Thus, an explanation for the accumulation of Hg in Terra Nova Bay organisms should be sought among the peculiar physico-chemical characteristics of this marine environment and adaptation mechanisms of Antarctic organisms, achieved through a long evolutionary history.
The Ross Sea is a wide embayment of the continental shelf between Cape Adare and Cape Colbeck with a n average depth of 550 m. Water temperature is always low, ranging from 1°C in summer to -2.0°C in winter at the surface. Summer availability of the light makes primary production and wintering strategies of primary producers and consumers highly seasonal. Moreover, in the southernmost part of Terra Nova Bay, a strong katabatic wind determines the recurrence of a coastal polynya (Kurtz & Bromwich 1985) which enhances the upwelling of deep nutrient-rich waters that favour primary production (up to 11 19 mgC m-' d-' in the 0 to 50 m layer; Innamorati et al. 1992) . The phytoplankton blooms twice in summer: once during the melt a n d again during the ice formation; variations in underwater irradiance are mainly due to the phytoplankton biomass (Innamorati et al. 1992 ). As the environmental availability of methylmercury (MeHg), rather than total Hg concentrations, plays an important role in the uptake and transfer of Hg along food webs (Fowler et al. 1978 , Bernhard & Andreae 1984 , the upwelling of waters around the coast of Terra Nova Bay ma.y be an Important factor for Hg bioaccumulation. The rate of Hg2+ methylation is much higher in deep than in shallow sediments, and h~g h sub-thermocline concentrations of MeHg have been measured in the Pacific Ocean (Mason & Fitzgerald   1990 ). In the surface waters of lakes, MeHg is photodegraded at very high annual rates (Sellers et al. 1996) and the volatilization of elemental Hg from the sea surface is an important component of the global cycle of this metal (Amyot et al. 1997) . The fact that Terra Nova Bay is covered in ice for about 9 mo each year together with the low intensity of solar radiati.on, limited by the ice and the high density of algae in summer, may therefore enhance the persistence and bioavailability of Hg and MeHg in this coastal environment.
The low temperature of Antarctic water affects the metabolic rate of organisms and could reduce the methylation of Hg2+ by heterotrophic microorganisms. However, demethylation processes are probably also reduced. In the same way the cold of the Ross Sea may decrease the uptake of Hg by marine organisms, but it also makes their excretion mechanisms less efficient. According to recent ecotoxicological research (Trudel & Rasmussen 1997) , assimilation of MeHg from food by fish is 5 to 10 times more efficient than that of inorganic Hg, whereas the elimination of MeHg is 3 times slower and positively correlated with water temperature.
Biomagnification of mercury in the Terra Nova Bay coastal food web
The results of the present survey show that despite the very low concentrations of Hg in marine sediments, Hg levels in Terra Nova Bay organisms were only slightly lower than or in the same range as those reported for similar species from other parts of the world (Fowler 1990 , Lock et al. 1992 , Muir et al. 1992 , Sadiq 1992 , Szefer et al. 1993 , Joiris et al. 1997 , Stewart et al. 1997 . Although on a fresh weight basis, it is difficult to explain the n a c h lower concentrations llled~ured in Adelie penguins and Weddell seals from near the Syowa station (Enderby Land; Honda et al. 1986a , Yamamoto et al. 1987a ) and in marine invertebrates from the Antarctic Peninsula (Yamamoto et al. 1987b , Palmer Locarnini & Presley 1995 , de Moreno et al. 1997 . The 3 coastal areas are very distant and differences in local factors such as volcanic emissions, water upwelling and animal ecology (e.g. feeding habits and growth rates) could modify the availability and bioaccumulation of Hg. However, some of the low values for Antarctic Peninsula marine organisms are rather astonishing because this region has the highest human impact and is also characterized by mineral deposits and volcanic activity. Moreover, in a wide survey of Hg in seals, penguins and fish from the Antarctic Peninsula Szefer et al. (1993) reported values higher than or in the same range as those measured at Terra. Nova Bay.
Although Antarctic ocean waters are characterized by short food webs (the krill system), in coastal areas the biomass of euphausiids may be negligible and the webs may have a much more complex structure (JarreTeichmann et al. 1997) . At Terra Nova Bay the zooplankton biomass is rather low (usually a few hundred individuals per m3 of water) and grazers are not food limited; thus the vertical flux of phytoplankton and organic detritus from the euphotic zone supports benthic coinmunities which are very rich in species and numbers (Gambi et al. 1994) . Like in most aquatic ecosystems (Mason et al. 1996) phytoplankton is probably the main path of entry of Hg into coastal food webs. Mason et al. (1996) showed that passive uptake of uncharged, lipophilic chloride complexes is the main route of inorganic Hg and MeHg assimilation by diatoms and other phytoplankton. MeHg was accumulated in the cytoplasm of algal cells, whereas inorganic Hg was mainly bound to the cell membranes. Consequently the assimilation of MeHg by zooplankton was 4 times more efficient than that of inorganic Hg These differences in transfer efficiency along the web and in excretion efficiency between organic and inorganic fornls of Hg are the main basis for biomagnification of Hg in organisms belonging to long and complex food chains.
To evaluate Hg biomagnification processes in marine food webs, comprehensive knowledge of the ecology of benthic organisms and their whole-body burden of chemical forms of Hg is necessary. Unfortunately, the ecology of many Antarctic marine organisms is not well known and our data concern total Hg concentrations. A comprehensive representation of the results (Fig 3) nevertheless shows a clear increase in Hg concentrations in the order phytoplankton < herbivorous organisms < benthic invertebrates feeding on detritus (either in suspension or deposited) < opportunistic scavengers and predators. For molluscs and vertebrate species, only concentrations in the digestive gland (or liver) and muscle were considered. The vertebrate liver is not homologous and only partly analogous to the invertebrate digestive gland, however concentrations of Hg in these organs should mainly reflect inorganic forms of the metal. In contrast MeHg, which has a biological half-life of years, is accumulated in mollusc and fish muscle mainly as a function of food contamination, species-specific metabolic pathways and age (i.e. exposure time; Bernhard & Andreae 1984). In muscle of Trematomus bernacchii from Terra Nova Bay, for instance, up to 96% (medlan 80%) of total Hg is MeHg, whereas in liver, kidney and gonads this percentage is usually <50% (Capelli et al. 1990 , Mlnganti et al. 1994 . Fig. 3 also shows that although average Hg concentrations in the digestive gland of molluscs are in the same range as or slightly higher than those in liver of midwater-feeding fish (Cl~ionodraco hamatus and Trematomus hansoni), the Hg content of muscle progressively increases from the filter-feeding molluscs (Adamussium colbeckj and Laternula elliptica) to the gastropod Neobuccinum eatoni, to fish feeding on amphipods, copepods and euphausiids (T. newnesi, C. hamatus; Iwami & Kock 1990) and reaches the highest values in demersal fish ( T hansoni and T. bernacchii) feeding through the year on fish, bivalves and epibenthic crustaceans (Vacchi et al. 1994 , La Mesa et al. 1997 .
Fish and zooplankton play a prominent role in controlling fluxes of MeHg to Antarctic seabirds and Terra Nova Bay manne mammals and the results of analytical determinations on seabird eggs, feathers and guano agree with available information on the ecology of the species studied (Young 1994 , Kerry et al. 1995 . For example, concentrations of Hg in eggs, which reflect dietary mercury uptake in the period prior to egg-laying (Monteiro & Furness 1995) , were twice as high in eggs of the snow petrel (a species migrating north in winter) than in eggs of the Adelie penguin (a circumpolar species mostly feeding in the Southern Ocean). The south polar skua has been seen farther south during summer than any other bird in the world, but is also known to winter (from late June to early October) in the northern Pacific and northern Atlantic (Court et al. 1997 ). This species can therefore accumulate higher Hg concentrations in contaminated environments before laying eggs on the Victoria Land coasts in November. Hg levels in feathers. reflect those in food eaten before the moulting period (Fimreite 1979) , although interspecific differences in moulting and MeHg demethylation capacity may exist (Lock et al. 1992 , Kim et al. 1996 . Total Hg concentrations in adult feathers and chick plumage collected at Terra Nova Bay increased in the order snow petrel (mainly feeding on amphipods and copepods) < Adelie penguin (feeding on zooplankton and fish) < emperor penguin (mostly a fish-feeder) < south polar skua. The high Hg levels found in the latter are supported by its omnivorous diet consisting of marine organisms, eggs and chicks of penguins and skuas, adult snow petrels and human refuse from the scientific station (Court et al. 1997) .
The quantitative ratio between total Hg concentration in liver and muscle of the Weddell seal was much higher than in penguins and fish. Pinnipeds have developed various detoxification mechanisms for Hg, including metallothionein metabolism (Tohyama et al. 1986 ), the formation of selenide granules in the liver (Nigro & Leonzio 1996) and excretion of MeHg through the fur (Wenzel et al. 1993) .
CONCLUSION
Antarctic manne food webs are usually relatively simple and short, with krill playing a central role. However in coastal environments such as Terra Nova Bay, food webs are much more complex and the fact that Hg was found in a large number of marine organisms shows that benthic invertebrates are an important link between phytoplankton and fish. Although primary producers and consumers had total Hg concentrations lower than or close to the lower limit of ranges usually reported for related species from other marine areas, the involvement of benthic organisms in the food chain lengthens the chain and causes further biomagnifica-tion of Hg. There was a sharp increase in Hg concentrations between benthic molluscs and muscle of demersal fish, fish-eating seabirds and Weddell seals. Levels of the metal in tissues of this mammal and eggs and feathers of the Antarctic skua were similar to those reported in samples collected in the northern hemisphere.
Despite discrepancies with some previous data on marine organisms from other Antarctic coastal ecosystems, the results of this survey show that Hg concentrations in the biota of a remote environment, where input from local geochemical and man-made sources and from long-distance transport is negligible, are not necessarily low. As previously found for Cd in marine organisms from the same study area (Bargagli et al. 1996131 , in pristine ecosystems the natural elemental composition of organisms may be altered by interactions between their ecophysiology and physico-chemical characteristics of the environment such as water temperature, light availability and upwelling of deep waters. These interactions should therefore be taken into account when establishing reference areas and/or baseline concentrations of Hg in marine organisms. Our results also show that caution is necessary when estimating the bioaccumulation and/or biological effects of metals only on the basis of data fl.urn abiotic components of ecosystems.
